ABSTRACT. The article presents the results of tests of the degree of damage to Scots pine (Pinus sylvestris) and hornbeam (Carpinus betulus) woods by the termite Reticulitermes lucifugus. Both wood species are classified as "susceptible to destruction by termites" in the EN 350-2:2000 standard. The procedures described in the ASTM D 3345-08 standard (2009) were applied in the experiments. During laboratory coercion tests, wood samples from these two species were damaged to a degree between light attack and moderate attack with penetration. Recent Scots pine sapwood was damaged to a heavy degree. The results can be associated with the much higher density of hornbeam wood as compared to Scots pine sapwood. The mortality rate of the termites in the test containers with both wood species was similar and low, no greater than 10%. In the light of the results, the classification of the susceptibility of native wood species to termite feeding, as stated in the EN 350-2:2000 standard, appears to be oversimplified.
INTRODUCTION
The natural resistance of various wood species from Africa, Asia and South America to termite feeding has been of great interest for a long time. Several species are known, whose heartwood is relatively resistant to termite feeding. The impact on termites of a number of chemical compounds contained in the heartwood of those trees (BECKER & PETROWITZ 1971 , BECKER et al. 1972 , NAKAYAMA et al. 2001 , as well as in filtrates obtained during the production of fuel from biomass (KARTAL et al. 2004) , was examined a fairly long time ago. In recent years, research has focused on the natural resistance of various wood species from Alaska, of economic significance in the USA (GRACE & YAMAMOTO 1994) , as well as some American wood species used in the production of panelling (KARD et al. 2007 ). The natural resistance of various wood species provided by alternative forestry in Hawaii (GRACE et al. 1996) and of species significant to the natural environment in several parts of Africa (NCUBE et al. 2012) and Asia (SHANBHAG & SUNDARARAJ 2013) has also been assessed.
The natural resistance of various European tree species to termite attack also aroused interest many years ago (SCHULZE-DEWITZ 1958) . Nowadays, it is accepted that all European tree species of economic significance require additional chemical protection from termites (UNGER 1978) : the EN 350-2:2000 standard describes all species except oak as "susceptible to destruction by termites". Such a classification seems to us to be an oversimplification, sometimes uncritically accepted as a dogma that requires no further clarification. Some different features of native woods, such as density and hardness, seem to suggest that the category of woods "susceptible to destruction by termites" contains species that can be damaged to a different degree in a given period of time, and hence at different rates. The significance of the density and hardness of a wood to its natural resistance is highlighted in the literature, as is the importance of the lignin and phenol compounds it contains (SHANBHA & SUNDARARA 2013) . For this reason, we undertook research into the destruction of hornbeam (Carpinus betulus L.) wood, whose heartwood contains neither toxic or repellent compounds, and of Scots pine (Pinus sylvestris L.) wood, by Reticulitermes lucifugus, the most widespread species of soil termite in Europe (DOMINIK & STARZYK 2004) . The EN 350-2:2000 standard classifies both these species as woods susceptible to destruction by termites.
MATERIALS AND METHODS
The experiments were conducted in accordance with the ASTM procedure (2009). Scots pine sapwood and hornbeam sapwood was used to produce seasoned samples (25.4 x 25.4 x 6.4 mm) with a 7%±1% moisture content. The woods were taken from a group of blocks from three different trees. For each species, 5 samples were chosen at random.
In accordance with the ASTM (2009) recommendations, each sample was placed separately on the bottom of a test container (a 450 ml glass vessel) and covered with 200 g of white sand previously screened, washed and heat-sterilized. The saturation point of the sand was established empirically. The amount of water used to moisten the sand in the test container was then reduced by 7% of the saturation point of the sand. The only deviation from the ASTM (2009) procedure was the fact that benzalkonium chloride solution was not used as antiseptic.
The biological experiments were conducted in a coercion test, in accordance with the above mentioned standard, on the termite Reticulitermes lucifugus ROSSI, 1792. Reticulitermes lucifugus termites (1±0.05 g) were placed in each test container. Pseudergates made up 90% of all the individuals in each container. The containers with termites and wood samples were stored in an incubator at a temperature of 27°C for 4 weeks. The moisture level of the sand was checked weekly and topped up if necessary.
The ASTM procedure (2009) provides the following classification of termite mortality rate: low (0-33%), average (34-66%), high (67-99%), complete (100%). This is based on visual evaluation, not on calculations relating to the groups of insects tested.
The degree of damage to the samples, decisive for assessing the resistance or susceptibility of the wood to destruction by termites, was classified visually, based on the visual rating system and photographs given in the ASTM guidelines (2009): 10 -sound, surface nibbles permitted, 9 -light attack, 7 -moderate attack, penetration, 4 -heavy, 0 -failure. In ambiguous cases, an intermediate index was used. Average degrees of damage to the wood were calculated for each variant of the experiment. The significance of the difference between the average results obtained was checked statistically. Chebyshev's inequality was used to evaluate the significance of the average degree of damage in each variant of the experiment. If the absolute value of the difference between the arithmetic average values of the degree of damage to both wood species was greater than or equal to three times the standard error of the difference, i.e. , then the difference between the average values taken to be statistically significant. Otherwise, it was regarded as accidental.
RESULTS
The results of the experiment, including the degree of damage to the wood samples and the mortality rate in each replicate of the given variant of the experiment, are presented in Table 1 .
Given that the difference in the average values of damage to both wood samples is 6.4, and triple the value of the standard error is 3.12, the difference was evaluated as statistically significant. The termites fed intensively on the wood, gathering around the samples placed on the bottom of the containers and constructing a gradually expanding network of corridors in the substrate and galleries above. The mortality rate of the termites in the experiments was classified as "slight" (0-33%). Because of this slight mortality rate of the termites, no greater than 10%, and because of its approximate nature, statistical verification was not applied here. The typical conditions of the hornbeam wood and the termite colony during the experiment are shown in Figure 1 and 2.
DISCUSSION
The procedures included in the ASTM (2009) procedure, designed for examining the resistance of ligno-cellulolytic materials to destruction by termites, were applied in this experiment, as the procedures in the EN 117:2005 standard are intended for determining toxic values of wood preservatives against European termites (Reticulitermes sp.) in laboratory tests and assume the obligatory occurrence of toxic effects.
The average degree of damage to hornbeam wood samples was four times less than the corresponding figure for Scots pine sapwood samples, although EN 350-2 (2000) includes both species in the same class, described as being "susceptible to destruction by termites". The results may be influenced by the interaction of density and hardness of both wood species. It is considered that the higher the density, the smaller the degree of damage (SHANBHAG & SUNDARARAJ 2013) . According to WAGENFÜHR & SCHEIBLER (1989) , the should theoretically be 40% lower than the mass loss of Scots pine sapwood. Moreover, assuming that termites can efficiently digest only cellulose and hemicellulose, leaving lignin undigested (BECKER 1963 , KÖNIG et al. 2013 , an additional factor influencing the degree of damage to wood is the polysaccharide content of the wood. This, however, was not established for the wood samples in these laboratory tests. Nonetheless, according to the values given in the literature (WAGENFÜHR & SCHEIBLER 1989) , their total amount can be assumed to be similar for both wood species.
The four-times greater degree of damage to Scots pine sapwood may also be due to its being softer than hornbeam. The hardness of materials as a factor able to reduce the extent of damage is also referred to in the literature (DOMINIK & STARZYK 2004) . Deep corridors are more easily gnawed in softer wood, so the insects do not need to consume all the wood. Soil termites are genetically programmed to inhabit the wood in which they are capable of gnawing their corridors.
The possible mortality of pseudergates must also have an impact on the extent of damage to the wood. The ASTM (2009) procedure provides a very wide range of values (between 0 and 33%) for the lowest class of mortality rate, described as "low". Whereas dead soil termites are very conspicuous on the soil surface, those remaining in the tunnels in the substrate are very difficult to find. The altered colour of dead termites is also unfavourable and makes it impossible to count them precisely. For these reasons, the EN 117 (2005) procedure assumes the test to be valid if the termite mortality rate of termites is < 50%. This is relatively easy to assess, especially as the standard defines groups of termites by their numbers, not by their mass, as described in ASTM (2009).
In our examination of both wood species the situation was actually rather convenient in this respect, as there were only a very few dead termites -estimated at < 10% of the total number of termites in the groups used in the experiment. Neither of the wood species tested contained any toxic substances or repellents, such as are found in many other wood species tested for destruction by termites (GRACE & YAMAMOTO 1994 , GRACE et al. 1996 , KARD et al. 2007 ). As there were no toxic substances in our wood samples, the termite mortality rate in the tests was low. Only the greater hardness of the hornbeam wood, as compared to the Scots pine wood, could have caused there termites some difficulty.
Lastly, it must be emphasized that the degree of damage to wood by termites, as stated in ASTM (2009), gives information on losses to the wood caused by termite feeding but does not provide a precise conversion factor into mass loss. A four-times lower average index of the degree of damage does not necessarily mean a four-times lower mass loss of the wood samples. Nevertheless, the average indicators of the degree of damage to both wood species is a good illustration of the extent of destruction of the samples. The classification of destruction of impregnated wood, included in EN 117 (2005) , is also based on indicators of the degree of damage (from 0 to 4).
CONCLUSIONS
The density of wood has a significant influence on feeding Reticulitermes lucifugus. The classification of both hornbeam wood and Scots pine wood as "susceptible to destruction by termites" included in EN 350-2 (2000), though undoubtedly true, greatly oversimplifies the assessment of biodegradation phenomena in this regard. Because of its much higher density, hornbeam wood is damaged to a much lower degree than Scots pine wood during the same period of time. The feeding of termites degrading hornbeam wood is thus much slower than the corresponding degradation of Scots pine sapwood.
